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TITLE OF THE INVENTION 



REFRIGERATING MACHINE OIL, AND FLUID COMPOSITION 
FOR REFRIGERATING MACHINE 
BACKGROUND OF THE INVENTION 



Field of the Invention 



machine oil, and a flu 
machines and, more par 
luachine oil useful for 



The present inve:itiDn relates to a refrigerating 



id composition for refrigerating 
ticularly, to a refrigerating 
carbon dioxide refrigerant 
refrigerators, and a fjLuid composition for such 
refrigerators. 
Related Background Art 



The recent problem of o^one layer destruction 
imposed limitations on use of CFCs 
(chlorofluorocarbons) smd HCFCs 
(hydrochlorofluorocarbcns) , which have been used 
heretofore as refrigercnts for refrigerator/air 
conditioner, and HFCs (hydro fluorocarbons) are being 
used as refrigerants instead of those restricted 
compounds* Th6$e HFC refrigerants, however, still 
involve problems of high global warming potential and 
others . 

Thus use of natural refrigerants has been studied 
as substitute refrigerants for these fluorocarbon based 
refrigerants, and carbon dioxide (CO^) was suggested as 
one of such natural refrigerants* Carbon dioxide has 
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the advantage in safety of being safe for the 
environment and^ though it was out of the mainstream of 
refrigerants, it has been used heretofore as a 
refrigerant for refrigerators . and others and thus 
5 research is recently going on to apply it as a 

refrigerant used in automotive air conditioners, room 
air conditioners, heat puiups for hot water supply, etc. 
incorporating open type refrigerant compressors or 
hermetic/ electric refrigerant compressors. 

10 Incidentally; refrigerating/air conditioning 

equipment is normally provided with a refrigerant 
recirculating system consisting of a refrigerant 
compressor, a condenser (gas cooler) f an expander, an 
evaporator; and so on, and in this refrigerant 

15 recirculating system the refrigerating machine oil, 

which is lubricating oil for the refrigerant -compressor, 
circulates together with the refrigerant in cycles- 
Accordingly, the refrigerating machine oil needs to 
satisfy various property requirements including 

20 miscibility with refrigerant, fluidity at low 

temperatures, stability, etc,; in addition to lubricity. 
However, these properties of refrigerating machine oil 
are readily affected by types of refrigerants, and the 
properties were not satisfactory in lubricity and 

25 stability when the fluorocarbon based refrigerant 

refrigerators commonly used heretofore were operated 
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together with the CO2 refrigerant. 

Development has thus been made to develop novel 
refrigerating machine oils suitable for use along with 
the COg refrigerant, and refrigerating machine oils 
5 using a variety of base oils have been proposed. For 

example, Japanese Patent Kokai (Laid-open) Publication 
No. HlO-46169 discloses the 'refrigerating machine oil 
using an ether compound/ such a$ polyalkylene glycol 
(PAG) / as a ba$e oil* 

10 SUMMARY OF THE INVENTION \ 

Even in use of the above-stated conventional 
refrigerating machine oil as a refrigerating machine 
oil for the CO2 refrigerant, however, there arose the 
problem that satisfactory stability was not achieved if 

15 water or oxygen was mixed in the refrigeration cycles. 

There was none developed yet as a refrigerating machine 
oil that fully satisfied all the performance 
requirements including the lubricity/ miscibility with 
refrigerant, fluidity at low temperatures, stability, 

20 etc. in a good balance - 

The present invention has been accomplished in 
view of the problems in the prior arts as described 
above and an object of the invention is to provide a 
refrigerating machine oil that can fully satisfy all 

2S the requirements of lubricity, juiscibility with 

refrigerant/ fluidity at low temperatures, and 
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stability in a good balance in use along with the CO2 
refrigerant . 

The inventors conducted diligent research aitaed 
at achieving the above object and succeeded in 
5 completing the present invention on the basis of 

finding that the aforementioned problems were solved by 
using the refrigerating machine oil containing specific 
polyalkylene glycol among those considered to have a 
problem in stability heretofore. 
10 Specifically/ a refrigerating machine oil for a 

carbon dioxide refrigerant according to the present 
invention is a refrigerating machine oil comprising 
polyalkylene glycol represented by the following 
general formula (1) : 
m 15 RM-(OR'):.-OH}m (1) 

[where represents a residue of an organic compound 
having one to ten hydroxyl groups / from which the 
hydroxyl groups have been removed/ an alkylene group 
of 2 to 4 carbonS; m an integer of 1 to 10, and n an 
20 integer of 1 to 100], 

wherein a number average molecular weight of said 
polyalkylene glycol is not less than 500 nor more than 
5000, 

wherein a rate of ethylene group among said 
25 alkylene group in said polyalkylene glycol is more than 

0 and not more than 80 mol%^ and 
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wherein a rate of molecules in which- the alkylene 
group bonded to a terminal hydroxyl group in said 
polyalkylene glycol is an ethylene group, is not more 
than 20 mol%. 

A fluid composition for a refrigerating machine 
according to the present invention comprises the above- 
stated refrigerating machine oil for the carbon dioxide 
refrigerant, and the carbon dioxide refrigerant. 

In the present invention, a kinematic viscosity 
of said polyalkylene glycol at lOO'C is preferably 5-20 

The present invention will be more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings/ which are 
given by way of illustration only and are not to be 
considered as limiting the present invention- 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However/ it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will be apparent to those 
skilled in the art from this detailed description. 



BRIEF DESCRIPTION QF THE DRAWINGS 

Fig. 1 is a schematic block diagram to show an 
example of a refrigerant circulating system. 

Fig, 2 is a graph showing a correlation between 
concentration of refrigerating machine oil and 
temperature of phase separation of mixture in 
refrigerant/refrigerating machine oil mixtures. 

Fig* 3 is a schematic structural view tp show a 
refrigerant solubility measuring system used in 
Examples. 

DESCRIPTION QF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present 
invention will be described below in detail, 

A refrigerating machine oil for a carbon dioxide 
refrigerant according to the present invention is a 
refrigerating machine oil comprising polyalkylene 
glycol represented by the following general formula 
(1): 

R'{-(0R')r.-OH}:, (1) 
[where represents a residue of an organic compound 
having one to ten hydroxy 1 group from which the 
hydroxyl groups have been removed, R^ an alkylene group 
of 2 to 4 carbons, m an integer of 1 to 10, and n an 
integer of 1 to 100] , 

wherein a number average molecular weight of said 
polyalkylene glycol is not le$s than 500 nor more than 
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5000, 

wherein a rate of ethylene group among said 
alkylene group in said polyalkylene glycol is more than 
0 and not more than 80 mol^^ and 
5 wherein a rate of molecules in which the alkylene 

group bonded to a terminal hydroxyl group in $aid 
polyalKylene glycol is an ethylene group, is not more 
than 20 mol%; and, when used together with the carbon 
dioxide refrigerant, it can fully satisfy all the 
10 requirements of lubricity, miscibility with refrigerant, | 

fluidity at low temperatures, and stability in a good 
balance. 

It was very difficult heretofore to enhance both 
the lubricity and refrigerant miscibility well without 

15 damaging the stability, and the present inventors 

speculate that the following explains the reason why 
the refrigerating machine oil of the present invention 
fully satisfies all the aforementioned performance 
requirements in a good balance. 

20 The refrigerating/air conditioning equipment is 

normally provided/ as shown in Fig* 1, with a 
refrigerant circulating system consisting of a 
refrigerant coittpressor 1, a gas cooler 2, an expander 3 
{a capillary, an expansion valve, or the like), and an 

25 evaporator 4 successively connected by passage 5. In 

this refrigerate circulating system, first, the 
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refrigerant at a high temperature (normally^ 70 to 
120*^0) is delivered from the refrigerant compressor 1 
into the passage 5 and is then converted into a high- 
density fluid (supercritical fluid or the like) in the 
gas cooler 2, In subsequent steps ^ the refrigerant 
passes through a narrow passage inside the expander 3 
to be liquefied/ and is further evaporated to turn into 
the refrigerant at a low temperature (normally, --40 to 
0°C) in the evaporator 4 . 

A mixed state of the mixture of the CO2 
refrigerant and the refrigerating machine oil (which 
will be referred to hereinafter simply as "mixture") 
circulating in the foregoing refrigerant recirculating 
system will be described below on the basis of Fig. 2, 
Fig, 2 is a graph to $how an example of the correlation 
between concentration of the refrigerating machine oil 
in the mixture and temperature of phase separation. In 
Fig, 2r each of two curves indicates a lower limit of 
temperature where the refrigerant and the refrigerating 
machine oil are miscible with each other at a 
prescribed composition^ wherein a solid line represents 
the refrigerating machine oil for the COz refrigerant 
according to the present invention and a dashed line 
the conventional refrigerating machine oil for the CO2 
refrigerant- The region above each curve represents a 
miscible region and the region below each curve a 
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immiscible region. In Fig. 2 points a to d indicate' 
the relation between concentration and temperature of 
the refrigerating machine oil in the mixture at points 
a to d, respectively, in the passage in Fig. 1. 

In the refrigerant compressor 1 in Fig. 1, a 
small amount of the CO2 refrigerant and a large amount 
of the refrigerating machine oil coexist under the 
high-temperature (normally, 70 to 120'C) condition. 
The refrigerant delivered from the refrigerant 
compressor 1 into the passage 5 is gaseous and contains 
a small amount (normally, 1 to 10%) refrigerating 
machine oil in the form of mist. A small amount of the 
refrigerant is dissolved in the refrigerating machine 
oil of this mist form (at point a in Fig. 2) . In the 
gas cooler 2 the gaseous refrigerant is then compressed 
into the high-density fluid, in which a large amount of 
the refrigerant and a small amount of the refrigerating 
machine oil coexist under the relatively high 
temperature (normally, around 50 to lOV) condition (at 
point b in Fig. 2) , Further, the mixture of the large 
amount of the refrigerant and the small amount of the 
refrigerating machine oil is successively delivered 
through the expander 3 and the evaporator 4 to be 
quickly cooled to the low temperature (normally, -40 to 
O'C) (at points c and d in Fig. 2), and is then 
returned again to the refrigerant compressor 1. 



In such refrigeration cycles^ it is desirable 
that the large amount of the refrigerant and the small 
amount of the refrigerating inachine oil be in the 
ralscible state throughout the entire temperature range 
(e.g./ -40 to 120''C) in the system. According to the 
research by the present inventors^ however, under the 
high temperature condition/ for example, as between 
points a-b m Fig. 1, the viscosity of the 
refrigerating machine oil becomes lower to enhance 
fluidity and the separate refrigerating machine oil is 
readily entrained in the stream of the refrigerant even 
in the immiscible state of the refrigerant and the 
refrigerating .machine oil. Therefore, it is often the 
case that the oil return does not pose a problem even 
in the case of the conventional refrigerating machine 
oil for the CO2 refrigerant. However, when most or the 
whole of the process under the low temperature 
condition (between points a-d in Fig. 2) where the 
mixture of the refrigerant and the refrigerating 
machine oil is delivered through the expander 3 to the 
evaporator 4, is carried out in the immiscible region 
(the region below the dashed line) as shown in Fig* 2, 
the refrigera-ting machine oil has a high viscosity 
under the low temperature condition and stays without 
being entrained in the stream of the refrigerant, so as 
to result in readily causing failure in lubrication of 
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the refrigerant compressor or hindrance to heat 
exchange in the evaporator. 

In contrast with it, the refrigerating machine 
oil for the CQz refrigerant according to the present 
invention demonstrates the miscibility with the CO^ 
refrigerant in sufficiently wide composition ranges 
under the low temperature condition and/ therefore/ can 
sufficiently increase a rate of portions executed in 
the miscible region (the region above the solid line) 
among the process between points c and d in Fig. 2. A 
predetermined amount of the refrigerant is noritially 
dissolved in the refrigerating machine oil even in the 
phase separated state of the refrigerant and the 
refrigerating machine oil to lower the viscosity of the 
refrigerating machine oil. The refrigerating machine 
oil for the CO2 refrigerant according to the present 
invention has sufficiently high solubilities of CO2 
under the low temperature condition and the dissolved 
refrigerant decreases the viscosity of the 
refrigerating machine oil adequately. It becomes thus 
feasible to achieve sufficiently high oil return even 
if part of the process between points c and d in Fig. 2 
is carried out in the immiscible region. Accordingly, 
it is feasible to adequately prevent the residence of 
the refrigerating machine oil in the expander and the 
evaporator and/ in turn, prevent the resulting failure 



11 



FPOl-0159-00 



in lubrication of thG refjrigerant compressor and the 
resulting hindrance to heat exchange in the evaporator* 
Japanese Patent Kokai (Laid-Qpen) Publication No. 
H10'-46169 discloses the refrigerating machine oil for 
5 the CO2 refrigerant containing polyalkylene glycol and 

describes that a predeteriained amount of the CO2 
refrigerant is dissolved in the refrigerating machine 
oil, but fails to describe the temperature condition 
for dissolution of the CO2 refrigerant in the 

10 refrigerating machine oil. According to the inventors' | 

research based on the correlation between saturated 
vapor pressure and dissolved amount of the CO2 
refrigerant^ the measurement results of dissolved 
amounts of the CO2 refrigerant described in the 

15 foregoing Publication are those under the temperature 

condition of IS^C or higher. As described later, the 
conventional refrigerating machine oil has narrow 
composition ranges for miscibility under the low 
temperature condition and provides only a weak 

20 viscosity lowing effect based on dissolution of the 

refrigerant in the immiscible region and it is thus 
very difficult to prevent the failure in lubrication of 
the refrigerant compressor and the hindrance to heat 
exchange in the evaporator by use of such refrigerating 

25 machine oil- 

The polyalkylene glycol used in the present 
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invention is one represented by the aforementioned " 
general formula (1) and in Formula (1), represents 
the residue of the organic corupound having one to ten 
hydroxyl groups, from which the hydroxyl groups have 
been removed. The organic compound having one to ten 
hydroxy! groups stated in the present invention 
encompasses monools such as monohydric alcohols and 
monohydric phenols, and polyols such as polyhydric 
alcohols with two to ten hydroxyl groups, polyhydric 
phenols, and saccharides . 

Specific example$ of the monools for the present 
invention include alcohols such as methanol, ethanol, 
propanol, 2-propanol; butanol, 2-butanol, pentanol, 2- 
pentanol, 3-pentanol, iso-pentyl alcohol, 2-methyl-4- 
pentanol, hexanol, secondary hexanol, iso-hexanol, 
heptanol, secondary heptanol, octanol, 2-ethylhexanol, 
secondary octanol, iso-octanol, nonanol, secondary 
nonanol, 1-decanol, iso-decyX alcohol, secondary 
decanol, undecanol, secondary undecanol, 2- 
methyldecanol, lauryl alcohol, secondary dodecanol, 1- 
tridecanol, iso-tridecyl alcohol, secondary tridecanol, 
myristyl alcohol, secondary tetradecanol, pentadecanol, 
secondary pentadecanol, cetyl alcohol, palmityl alcohol, 
secondary hexadecanol, heptadecanol, secondary 
heptadecanol, stearyl alcohol, iso-stearyl alcohol, 
secondary octadecyl alcohol, oleyl alcohol, behenyl 



13 



alcohol; eicosanol, docosanol^ tetracosanol, 
hexacosanol/ octacosanol/ myricil alcohol, laccerol/ 
tetratriacontanol, allyl alcohol, cycropentanol/ 
cycrohexanol, 2-butyloctanol, 2-butyldecanol, 2- 
hexyloctanol^ 2-haxyldecanol, 2-hexyldodecanol, 2- 
octyldecanol, 2-octyldodecanQl^ 2'-octyltetrad^canol, 2- 
dscyldodecanol, 2-decyltetradecanol, 2-decylhexadecanol/ 
2"dodecyltetradecanol/ 2*-dodecylhexadecanol/ 2- 
dodecyloctadecanoly 2-t6tradecyloctadecanol, 2- 
tetradecyleicosanol, 2-hexadecyloctadecanol/ and 2- 
hexadecyleicosanol; and monohydric phenols such as 
phenol; cresol, ethylphenol, tertiary butylphenol, 
hexylphenol/ octylphenol, nonylphenol/ decylphenol 
undecylphenol dodecylphenol^ tridecylphenol, 
tetradecylphenol; phenylphenol/ benzylphenol, 
styrenated phenol/ and p-cumylphenol . 

Further, specific examples of the polyols for the 
present invention include dihydric alcohols such a$ 
ethylene glycol, propylene glycol, 1, 4-butanediol, 1,2- 
butanediol, neopentyl glycol, 1, 6-hexanediol, 1,2^ 
octanediol, 1, 8-octanediol, isopreue glycol, 3-methyl- 
1, 5-pentanediol, sorbite, catechol, resorcin, 
hydroquinone, bisphenol A, bisphenol F, hydrogenated 
bisphenol A, hydrogenated bisphenol F, and dimerdiol; 
trihydric alcohols such as glycerol, 2-hydroxymethyl- 
1, 3-propanediol, 1,2, 3-butanetriol; 1, 2, 3-pentanetriol, 
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2-methyi-l^ 2, 3-propauetriol; Z-methyl-Z, 3, 4-butanetriol, 
2-ethyl-l/ 2^3"butanetriol/ 2,3, ^-pentanetriol, 2,3,4^ 
hexanetriol/ 4-propyl-3, 4, S-heptanetriol, If 4-dimethyl- 
2/ 3, 4^pentanetriol, 1,2, 4-butanetriol; 1,2, 4- 
5 pentanetriol/ trimethylolethane, and 

trimethylolpropane; tetrahydric alcohols such as 
pentaerythrxtol/ erythritol, 1,2,3/ 4-pentanetetrol, 
2, 3, 4, 5-hexanetetrol, 1/ 2^ 4^ S-pentanetetrol, 1/ 3 , 4^ 5- 
heJ^anetetrol/ diglycerol^ and sorbitan; pentahydric 

10 alcohols sucli as adonitol, arabitol/ xylitol, and I 

triglyceroi; hexahydric alcohols such as 
dipentaerythritol/ sorbitol/ mannitol;^ iditol, inositol/ 
dulcitol^ talose/ and allose; octahydric alcohols such 
as sucrose; polyglycerols and dehydration condensates 

15 thereof; and so on. 

In the foregoing general formula (1), m indicates 
a valence of (the number of hydroxy! groups in the 
aforeiaentioned organic compound) , which is an integer 
of 1 to 10 (preferably, an integer of 1 to 8, more 

20 preferably an integer of 1 to 3, and still more 

preferably 1) * If lu exceeds 10/ the molecular weight 
of the resultant polyalkylene glycol will be too large, 
so as to result in too high viscosity or insufficient 
miscibility with the COa refrigerant, When m is 1, 

25 i.e., when is a residue of a monool, the number -of 

carbons in is preferably 1 to 10, more preferably 1 
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to 4, and 3till more preferably 1 (i.e., is a methyl 
group) from the standpoint of miscibility and fluidity 
at low temperatures; from the standpoint of lubricity, 
is preferably a straight or branched chain alkyl 
5 group of six to ten carbons and more preferably a 

straight or branched chain alkyl group of eight to ten 
carbons. When is an alkyl group and when the number 
of .carbons thereof exceeds 10; the laiscibility and the 
fluidity at low temperatures tends to be insufficient. 

10 In the foregoing general formula (1), \ 

represents the alkylene group of two to four carbons. 
Specific examples of this alkylene group include the 
ethylene group (-CH2CH2-), the propylene group (- 
CH{CH3)CH2-} , the trimethylene group {-CH2CK2CH2-) , the 

15 butylene group (-CH(CH2CH3)CH2-) , the tetraiaethylene 

group (-CH2CH2CH:2CH2") / and so on* Among these alkylene 
groups, preferred groups are the ethylene group, the 
propylene group, the butylene group, and the 
tetramethylene group. 

20 Further, in the foregoing general formula (1), n 

indicates a recurring number (degree of polymerization) 
of the alkylene group represented by OR^, which is an 
integer of 1 to 100. The polyalkylene glycol according 
to the present invention i$ normally one obtained as a 

25 mixture of molecules of different recurring numbers n, 

and a nujober average molecular weight thereof needs to 
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be not less than 500 nor laore than 5000. If the nimiber 
average molecular weight is less than the foregoing 
lower limit the hermetic sealability of the compressor 
will become insufficient- If the number average 
molecular weight exceeds the foregoing upper limit the 
miscibility of the refrigerating machine oil will 
become insufficient. For the same reasons, the number 
average molecular weight of the polyalkyleue glycol 
according to the present invention is preferably not 
less than 500 nor more than 4000 and more preferably 
not less than 600 nor more than 3000. In the 
polyalkylene glycol according to the present invention, 
a ratio (Mw/Mn) of the weight average molecular weight 
(Mw) to the number average molecular weight (Mn) is 
preferably not less than 1.00 nor more than 1.20. If 
Mw/Mn exceeds 1.20, the miscibility between COg and the 
refrigerating machine oil will tend to become 
insufficient. 

Moreover, in the polyalkylene glycol according to 
the present invention, the rate of ethylene group to 
the alkylene group represented by in the foregoing 
general formula (1) (which will be referred to as a) 
needs to be more than 0 and not more than 80 mol%. If 
the value of a is 0, the viscosity index will be too 
low to attain sufficient sealability and lubricity at 
high temperatures, If the value of a exceeds 80 moll 
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on the other hand, the refrigerating machine oil will 
become solid at the ordinary temperature or the pour 
point thereof will be too high to achieve sufficient 
fluidity at low temperatures. For the same reasons, a 
is preferably not less than 5 mol% nor more than 60 
inol%, more preferably not less than 5 moll nor more 
than 50 mol%, and still more preferably not less than 5 
mol% nor more than 40 mol%. 

As described above, the polyalkylene glycol 
according to the present invention has the ethylene 
group as the alkylene group represented by in the 
foregoing general formula (1), and in this polyalkylene 
glycol, the rate of molecules in which bonded to the 
terminal hydroxyl group is the ethylene group (which 
will be referred to hereinafter as j8 [mol%} ) needs to 
be not more than 20 mol%. If J3 exceeds 20 mol% the 
polyalkylene glycol will become susceptible to 
oxidation, so that the refrigerating machine oil will 
fail to have satisfactory oxidation stability. For the 
same reason, /3 is preferably not more than 10 mol% and 
more preferably not more than 5 mol%. 

As described above, the polyoxyalkylene chain [- 
(OR^)^-] in the molecules of polyalkylene glycol • 
according to the present invention comprises the 
oxyethylene group (-QR^- group where is the ethylene 
group) and the OKyalkylene group except for the 
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oxyethyleue group/- and the polyoxyalkylene chain is 
preferably comprised of the oxyethyiene gxroup and the 
oxypropylene group. The polyoxyalkylene glycol having 
the polyoxyalkylene chain of this structure tends to 
5 demonstrate superior miscibility with CO^. Further^ in 

this case, a rate of the oxyethyiene group in the 
polyoxyalkylene chain, i*e., y represented by the 
following formula: 

7 [mol%] = (the number of oxyethyiene groups /the 
10 sum of the nxmiber of oxyethyiene groups and the number 

of oxypropyleno groups) X 100/ 

is preferably more than 0 and not more than 80 mol%^ 
more preferably not less than 5 mol% nor more than 60 
mol%, still more preferably not less than 5 mol% nor 

15 more than 50 mol%/ and yet more preferably not less 

than 5 mol% nor more than 40 mol%* When 7 is 0/ the 
viscosity index tends to be too low to achieve 
sufficient sealability and liibricity at high 
temperatures. When 7 exceeds 80 mol%, the 

20 refrigerating machine oil using it is solid at the 

ordinary temperature, or the pour point thereof tends 
to be too high to achieve satisfactory fluidity at low 
temperatures. 

The polyalkylene glycol according to the present 

25 invention can be synthesized by the conventionally 

known methods (cf. "Alkylene oxide polymers" Hitsuta 
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Shibata et al., published November 20, 1990, Kaibundo) . 
For example, the polyalkylene glycol represented by the 
foregoing general formula (1) can be obtained by 
addition polymerization of ethylene oxide and one or 
5 more alkylene oxides except for ethylene oxide with a 

monohydric alcohol (R^OH) as the organic compound 
having one to ten hydroxyl groups. Here the 
polyalkylene glycol according to the present invention 
can be either a random copolymer or a block copolymer, 
10 but it is preferably a block copolymer, because the 

polyalkylene glycol of the block copolymer tends to 
exhibit better oxidation stability. Further, when the 
polyalkylene glycol according to the present invention 
is a block copolymer, the block copolymer is preferably 
15 one wherein ethylene oxide polymerizes next to and 

one or more alkylene oxides except for ethylene oxide 
polymerize subsequent thereto. Among others, a 
particularly preferred block copolymer is one wherein 
ethylene oxide polymerizes next to and propylene 
20 oxide polymerizes subsequent thereto. 

The pour point of the polyalkylene glycol having 
the above structure is preferably not more than -10*C 
and laore preferably -20 to -50*C, When the 
polyalkylene glycol has the pour point over -10°C, the 
25 refrigerating machine oil tends to be readily 

solidified at low temperatures in the refrigeration 
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cycles , 

The kinematic viscosity at 40*C of the 
polyalkylene glycol according to the present invention 
is preferably not less than 10 mmVs nor more than 1000 
mmVs, more preferably not less than 20 minVs nor more 
than 600 mm^/s, and still more preferably not less than 
30 inmVs nor more than 300 mmVs. When the kinematic 
vi$cosity at 40'C is less than 10 mmVs/ the lubricity 
and the heriaitic sealability of the compressor tends to 
be insufficient. When the kinematic viscosity at 4 0*C 
exceeds 1000 mmVs, the fluidity at low temperatures 
tends to be insufficient. The kinematic viscosity at 
lOO'^C of the polyalkylene glycol is preferably not less 
than 3 mm^/s nor more than 180 Ma^/s, more preferably 
not less than 5 mm^/s nor more than 120 mmVs, and 
still more preferably not less than 7 mmVs nor more 
than 7 0 mm^/s. When the kinematic viscosity at lOO^'C is 
less than 3 mmVs/ the lubricity and the hermetic 
sealability of the compressor tends to be insufficient. 
When the kinematic viscosity at 100*C exceeds 180 mm^/s^ 
the fluidity at low temperatures tends to be 
insufficient. 

Further, from the viewpoint of oil return of the 
refrigerating machine oil in the refrigerant 
circulating system, the kinematic viscosity at lOO'^C of 
the polyalkylene glycol represented by the foregoing 
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general formula (1) i$ preferably 5-20 mrnVs/ more 
preferably 6-18 mmVs, still more preferably 7-16 lurnVs, 
yet still more preferably 8-15 W/s/ and most 
preferably 10-15 inmVs. When the kinematic viscosity 
at 100°C is less than 5 mmVs, the lubricity under 
coexistence of carbon dioxide tends to becoms lower. 
When the kinematic viscosity at lOO'C exceeds 20 mmV$ 
on the other hand/ the composition ranges to 
demonstrate the miscibility with the CO2 refrigerant 
under the low temperature condition tend to be narrowed, 
so as to readily cause the failure in lubricity of the 
refrigerant compres$or and the hindrance to heat 
exchange in the evaporator. The kinematic viscosity at 
40'C of the polyalkylene glycol is preferably 10-200 
mmVs and more preferably 20-150 mmVs. When the 
kinematic viscosity at 40'C is less than 10 mmVs, the 
lubricity and the hermetic sealability of the 
compressor tends to be degraded. When the kinematic 
viscosity at 40^C exceeds 200 mmVs, the composition 
ranges demonstrating the miscibility with the CO2 
refrigerant under the low temperature condition tend to 
be narrowed; so as to readily cause the failure in 
lubricity of the refrigerant compressor and the 
hindrance to heat exchange in the evaporator. 

In the refrigeration system, normally, the 
content of water mixed in the system needs to be kept 
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as small as possible^ and the raoisture conteut in the 
refrigerating machine oil of ths present invention is 
preferably not more than 500 ppm, more preferably not 
more than 200 ppm, and still more preferably not more 
than 100 ppm* In general^ the polygiycol based oils 
have high hygroscopicity, and those having an ether 
group at one terminal and a hydroxyl group at the other 
terminal have higher hygroscopicity than those having 
ether groups at the both terminals. It is thus 
preferable to pay fine attention to the moisture 
content on the occasion of introducing the 
refrigerating machine oil into the system. On the 
other hand, however, under coexistence of polyalkylene 
glycol with higher hygroscopicity, mixed water is 
captured in molecules of polyalkylene glycol so as not 
to be freed, which presents the advantage of preventing 
ill effects including deterioration and freezing of the 
refrigerant and piping- 

When the polyalkylene glycol according to the 
present invention contains an oxypropylene group, an 
allyl group might be formed in molecules through side 
reaction of propylene oxide during the production 
process- When the allyl group is formed in the 
polyalkylene glycol molecules, there readily occur the 
phenomena of degrading thermal stability of 
polyalkylene glycol itself, producing polymers to form 
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sludge, and lowering antioxidation capability 
(oxidation preventing property) to produce peroxides. 
Particularly, if the peroxides are produced, they will 
decompose to produce compomds having the carbonyl 
group and the compounds having the carbonyl group will 
further react with the CO2 refrigerant to produce acid 
amides, which will make clogging easy to occur in the 
capillary. 

Accordingly, in th^ polyalkylene glycol according 
to the present invention, the degree of unsaturation 
originating in the allyl group and others is preferably 
as low as possible; specifically, it is preferably not 
more than 0.04 meq/g, more preferably not more than 
0,03 meq/g, and most preferably not more than 0.02 
meq/g. 

The peroxide value of the polyalkylene glycol 
according to the present invention is preferably not 
more than 10.0 meq/kg, more preferably not more than 
5,0 maq/kg, and most preferably 1.0 meq/kg. 

Further, the carbonyl value of the polyalkylene 
glycol according to the present invention is preferably 
not more than 100 ppm by weight, more preferably not 
more than 50 ppm by weight, and most preferably not 
more than 20 ppm by weight - 

The un$aturation degree, peroxide value, and 
carbonyl value stated in the present invention are 
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values measured according to Standard Methods for the 
Analysis of Oil, Fats and Derivatives set by Japan oil 
Chemists' Society* Namely^ these are determined as 
follows: the unsaturation degree in the present 
invention is determined in such a way that a sample is 
reacted with the Wijs solution (ICl-acetic acid 
solution), the solution is kept at a dark place, 
thereafter excess ICI is reduced to iodine, the iodine 
is titrated with sodium thiosulfate to calculate an 
iodine value, this iodine value is converted to a vinyl 
equivalent/ and this value of vinyl equivalent (meq/g) 
is referred to as the unsaturation degree; 

the peroxide value stated in the present 
invention is determined in such a way that potassium 
iodide is added to a sample, free iodine produced is 
titrated with sodium thiosulfate, this free iodine is 
converted to a miiliequivalent per kg of the sample, 
and this reduced value (meq/kg) is referred to as the 
peroxide value; 

the carbonyl value stated in th^ present 
invention is determined in such a way that a sample is 
made to react with 2, 4-dxuitrophenylhydra^ine to 
produce quinoid ions with coloring nature, absorbance 
of this sample is measured at 480 nm, the absorbance is 
converted to a carbonyl amount on the basis of a 
calibration curve preliminarily determined using 
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cinnamaldehyde as a reference material/ and the reduced 
value (ppm by weight) is referred to as the carbonyl 
value , 

In the present invention^ in order to obtain the 
polyalkylsne glycol with low unsaturation degree, 
peroxide value, and carbonyl value, the reaction 
temperatur*e during reaction of propylene oxide is 
preferably not more than 120''C (more preferably^ not 
more than 110*"C) . If an alkali catalyst i$ used during 
the production, the unsaturation degree can be reduced 
by using an inorganic adsorbent, e,g,, activated carbon, 
activated clay, bentonite, dolomite, aluminosilicate, 
or the like, in order to remove the alkali catalyst. 
It is also possible to prevent increase of the peroxide 
value or the carbonyl value by minimising contact with 
oxygen or by using an antioxidant as well, during the 
production of the lubricant of the present invention or 
during use thereof. 

In the refrigerating machine oil of the present 
invention, there are no specific restrictions on the 
content of the polyalkylene glycol represented by the 
foregoing general formula (1), but the content of the 
polyalkylene glycol is preferably not less than 50% by 
mass, based on the total amount of the refrigerating 
machine oil, more preferably not less than 70% by mass, 
still more preferably not les$ than 80% by mass, and 
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most preferably not less than 90% by mass. When the 
content of the polyalkylene glycol according to the 
present invention is not less than 50% by mass, the 
refrigerating machine oil tends to improve the various 
properties more, including the lubricity, refrigerant 
miscibility/ thermal and chemical stability, electric 
insulating property, and so on. 

In addition to the polyalkylene glycol 
represented by the foregoing general formula (1), the 
refrigerating machine oil of the present invention may 
also include either selected from hydrocarbon based 
base oils such as mineral oils, olefin polymers, 
naphthalene compounds, alkylbenzene, and the iike; 
oxygen-containing synthetic oils such as esters, 
ketones, polyphenyl ethers, silicones, polysiloxanes, 
perfluoroethers, polyvinyl ethers, and polyglycols 
except for the polyalkylene glycol according to the 
present invention, and so on. Among these compounds, 
the oxygen-containing synthetic oils preferably used 
are the polyvinyl ethers, and the polyglycols except 
for the polyalkylene glycol according to the present 
invention. 

In the refrigerating machine oil of the present 
invention, the polyalkylene glycol represented by the 
foregoing general formula (1), and the hydrocarbon 
based oil and/or the oxygen- containing synthetic oil. 
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which is used together with the polyalkylene glycol as 
occasion may demand/ are mainly used as base oils. The 
refrigerating machine oil of the present invention can 
be suitably used without addition of any additive, but 
it can also be used with addition of various additives 
described below as occasion may demand. 

For further enhancement of the abrasion 
resistance and load resistance of the refrigerating 
machine oil composition of the invention, it may 
incorporate at least one type of phosphorus compound 
selected from the group consisting of phosphoric acid 
esters, acidic phosphoric acid esters, amine salts of 
acidic phosphoric acid esters, chlorinated phosphoric 
acid esters, and phosphorous acid esters. These 
phosphorus compounds are esters of phosphoric acid or 
phosphorous acid with alkanols or polyether alcohols, 
or derivatives thereof. As specific examples of the 
phosphoric acid esters there may be mentioned tributyl 
phosphate, tripentyl phosphate, trihexyl phosphate, 
triheptyl phosphate, trioctyl phosphate, trinonyl 
phosphate, tridecyl phosphate, triundecyl phosphate, 
tridodecyl phosphate, tritridecyl phosphate, 
tritetradecyl phosphate, tripentadecyl phosphate, 
trihexadecyl phosphate, triheptadecyl phosphate, 
trioctadecyl phosphate, trioleyl phosphate, triphenyl 
phosphate, tricresyl phosphate, trixylenyl phosphate. 
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cresyldiphenyl phosphate,' and xylenyldiphenyl 
phosphate; 

as specific examples of the acidic phosphoric 
acid esters there may be mentioned monobutyl acid 
phosphate/ mouopentyl acid phosphate, monohexyl acid 
phosphate, monoheptyl acid phosphate, monooctyl acid 
phosphate, monononyl acid phosphate, monodecyl acid 
phosphate, monoundecyl acid phosphate, monododecyl acid 
phosphate, monotridecyl acid phosphate, monotetradecyl 
acid phosphate, monopentadecyl acid phosphate, 
monohexadecyl acid phosphate, monoheptadecyl acid 
phosphate, monooctadecyl acid phosphate, monooleyl acid 
phosphate, dibutyl acid phosphate, dipentyl acid 
phosphate, dihexyl acid phosphate, diheptyl acid 
phosphate, dioctyl acid phosphate, dinonyl acid 
phosphate, didecyl acid phosphate, diundecyl acid 
phosphate, didodecyl acid phosphate, ditridecyl acid 
phosphate, ditetradecyl acid phosphate, dipentadecyl 
acid phosphate, dihexadecyl acid phosphate, 
diheptadecyl acid phosphate, dioctadecyl acid phosphate, 
and dioleyl acid phosphate; 

as specific examples of the amine salts of acidic 
phosphoric acid esters there may be' mentioned salts of 
the above acidic phosphoric acid esters with amines 
such as methylamine, ethylamme, propylamine, 
butylamine, pentylaiains, hexylamine, heptylamine, 
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octyiamine, dimethyl amine, diethylaniine/ dipropyl amine, 
dibutylamine, dipentylamlnsy dihexyl amine, 
diheptyl amine/ dioctylamine, trimethylamine^ 
triethylamine, tripropyl amine, tributylamine, 
5 tripentylamine, trihexyiamine, triheptylamine, and 

trioctylamine; 

as specific examples of the chlorinated 
phosphoric acid esters there may be mentioned tris 
dichloropropyl phosphate, tris chloroethyl phosphate, 

10 tris chlorophenyl phosphate, and polyoxyalkylene I 

bis[di{chloroalkyl) ] phosphate; and as specific 
examples of the phosphorous acid esters there may be 
mentioned dibutyl phosphite, dipentyl phosphite, 
dihexyl phosphite, diheptyl phosphite, dioctyl 

15 phosphite, dinonyl phosphite, didecyl phosphite, 

diundecyl phosphite, didodecyl phosphite, diolsyl 
phosphite, diphenyl phosphite, dicresyl phosphite, 
tributyl phosphite, tripentyl phosphite, trihexyl 
phosphite, triheptyl phosphite, trioctyl phosphite, 

20 trinonyl phosphite, tridecyl phosphite, triundecyl 

phosphite, tridodecyl phosphite, trioleyl phosphite, 
triphenyl phosphite; and tricresyl phosphite. These 
phosphorus compounds may be used singly or In 
combination of two or more kinds. 

25 When the above-stated phosphorus compounds are 

added to the refrigerating machine oil composition of 
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the invention^ there are no particular restrictions on 
their content, but it is normally desirable to add the 
phosphorus compounds in such an amount that the content 
thereof is 0.01 to 5.0% by mass and mora preferably 
0,02 to 3*0% by mass, based on the total amount of the 
refrigerating machine oil compo$ition (i,e.^ based on 
the total amount of the base oil and all additives 
incorporated) , 

In addition, for further improvement in heat and 
hydrolytic stability of the refrigerating machine oil 
composition of the invention, the composition may also 
include at least one epoxy compound selected from the 
group consisting of the following (x) to (viii) : 

(i) phenylglycidyl ether epoxy compounds 

(ii) alkylglycidyl ether epoxy compounds 

(iii) glycidyl ester epoxy compounds 

(iv) allyloxirane compounds 

(v) alkyloxirane compounds 

(vi) alicyclic epoxy compounds 

(vii) epoxidized fatty acid monoesters 

(viii) epoxidized vegetable oils 

Specific examples of (i> phenylglycidyl ether 
epoxy compounds include phenylglycidyl ethers and 
alJcylphenylglycidyl ethers. Here, the 
alkylphenylglycidyl ethers may have 1-3 alkyl groups of 
1-13 carbons, among which preferred e^^amples include 
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those with one alkyl group of 4-10 carbons^ such as n- 
butylphenylglycidyl ether, i-butylphenylglycidyl ether, 
sec-butylphenylglycidyl ether, tert-butylphenylglycidyl 
ether, pentylphenylglycidyl ether, hexylphenylglycidyl 
ether, heptylphenylglycidyi ether, octylphenylglycidyl 
ether^ nonyiphenylglycidyl ether, and 
decylpheuylglycidyl ethsr. 

Specific examples of (ii) alkylglycidyl ether 
epoxy compounds include decylglycidyl ether, 
undecylglycidyl ether, dodecylglycidyl ether, 
tridecylglycidyl ether, tetradecylglycidyl ether, 2- 
ethylhexylglycidyl ether, neoperLtylglycoldiglycidyl 
ether, trimethylolpropane triglycidyl ether, 
pentaerythritol tetraglycidyl ether, 1, S-'hexanediol 
diglycidyl ether, $orbitolpolyglycidyl ether, 
polyalJcyleneglycol mouogXycidyl ether, arid 
polyalkyleneglycol diglycidyl ether. 

Specific example of (iii) glycidyl ester epoxy 
compounds inciude coiapounds represented by the 
following general formula (2) ; 

R— C— O— C— C— C 

A V (2) 

O 0 

where R represents a hydrocarbon group of 1-18 carbons. 
In formula (2) above, R represents a hydrocarbon 
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group of 1-18 carbons, and as such hydrocarbon groups 
there may be mentioned alkyl groups of 1-18 carbonS; 
alkenyl groups of 2-18 carbons, cycloalkyl groups of 5- 
7 carbons, alkylcycloalkyl groups of 5-18 carbons, aryl 
5 groups of 6-10 carbons^ alkylaryl groups of 7-18 

carbons and arylalkyl groups of 7-18 carbons. 
Preferred among these are alkyl groups of 5-15 carbons, 
alkenyl groups of 2-lS carbons, phenyl groups and 
alkylphsnyl groups with alkyl groups of 1-4 carbons, 
10 Specific preferred examples among these glycidyl 

ester epoxy compounds include glycidyl- 2 ; 2-diiaethyl 
octanoate, glycidyl benzoate, glycidyl-tert-butyl 
benzoate, glycidyl acrylatS/ glycidyl methacrylate, and 
the like. 

15 Specific examples of (iv) allyloxirana compounds 

include 1, 2-epoxystyrene and alkyl-1, 2-epoxystyrene. 

Specific examples of (v) alkyloxirane compounds 
include 1, 2-epoxybutane/ 1, 2-epoxypentane/ 1,2- 
epoxyhexane, 1/ 2-epoxyheptane, 1, 2-epoxyoctane, 1,2- 

20 epoxynonane/ 1/ 2-epoxydecane, 1, 2-epoxyundecane/ 1,2- 

epoxydodecane, 1, 2-epoxytridecane/ 1/2-epoxytetradecane, 
1, 2-epoxypentadecane, 1, 2-epoxyhexadecane, 1,2- 
epoxyheptadecane, 1, 1, 2-epoxyoctadecane, 2*- 
epoxynouadecane and 1,2-epoxyeicosane. 

25 As (vi) alicyclic epoxy compounds there may be 

mentioned compounds wherein carbon atoms composing- the 
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epoxy group are directly part of the alicycle, such as 
compounds represented by the following general formula 
(3) ; • 



(3) 



5 Specific examples of such alicyclic epoxy 

compounds include 1/ 2-epoxycyclohexane/ 1,2- 
epoxycyclopentane, 3, 4-epoxycyclohexylmethyl-3,'^4- 
epoxycyclohexans carboxylate^. bis (3,4- 
epoxycyclohexylmethyl) adipat©/ 3-epoxynorbornane, 

10 bis (3, 4-epoxy-'6-methylcyclohexylmethyl) adipate; 2- (7- 

oxabicyclo[4*l*0]hept-3-yl) -spiro (1^ 3-dioxane-5, 3'- 
[7] oxabicyclo [4, 1 .0] heptane, 4- (1 ' -methylepoxy^thyl) - 
l,2-epoxy-2"methylcyclohexane/ and 4-epoxyethyl-l/ 2- 
epoxycyclohexane • 

15 Specific examples of (vii) epoxidized fatty acid 

monoesters include esters of epoxidizsd fatty acids of 
12-20 carbons and alcohols of 1-8 carbons, phenols or 
alkylphenols- Particularly preferred for use are butyl^ 
hexyl, benzyl, cyclohexyl, methoxyethyl, octyl/ phenyl^ 

20 and butylphenyl esters of epoxystearic acid, 

Specific examples of (viii) epoxidized vegetable 
oils include epoxy compounds of vegetable oils such as 
soybean oil, linseed oil, and cottonseed oil. 
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Among the aforementioned epoxy compounds, 
phenyl glycidyl ether epoxy cgmpounds, glycidyl ester 
epoxy compounds, aiicyclic epoxy compounds and 
epoxidized fatty acid monoesters are preferred for 
further improved heat and hydrolytic stability, with 
glycidyl ester epoxy compounds and aiicyclic epoxy 
compounds being even more preferred. 

When these epoxy compounds are incorporated in 
the refrigerant oil composition according to the 
invention, there are no particular restrictions on 
their addition content but the epoxy compound is 
usually added to a content of 0.1-5,0% by mass and more 
preferably 0.2-2.0% by mass, based on the total amount 
of the refrigerating machine oil composition (the total 
amount of the base oil and all incorporated additives). 

Two or more different types of the aforementioned 
phosphorus compounds and epoxy compounds may, of course, 
be used in combination. 

In order to further improve the performance, the 
refrigerating machine oil composition of the invention 
may be incorporated, as required, with hitherto 
publicly known additives for refrigerating machine oils, 
for example, phenol-type antioxidants such as di-tert- 
butyl-p-cresol and bisphenol A; amine-type antioxidants 
such as phenyl- a-naphthylamine and N,N-di (2-naphthyl) - 
p-phenylenediamine; wear resistance agents such as zinc 
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dithiophosphate; extreme pressure agents such as 
chlorinated paraffin and sulfur compounds; oiliness 
improvers such as fatty acids; ant i foaming agents such 
as silicone types; metal inactivators such as 
benzotriazole; viscosity index improvers; pour-point 
depressants; detergent dispersants and the like, either 
alone or in combination of more than one type. The 
total amount of the additives added into the 
refrigerating machine oil is not particularly liiaited, 
but the content is preferably not more than 10% by mass 
and more preferably not more than 5% by mass, based on 
the total amount of the refrigerating machine oil 
composition (i.e., the total amount of the base oil and 
all incorporated additives) * 

There are no specific restrictions on the 
kinematic viscosity of the refrigerating machine oil of 
the present invention^ but the kinematic viscosity at 
40°C of the refrigerating machine oil is preferably not 
less than 10 mm^/s nor more than 200 mm^/s and more 
preferably not less than 20 mm^/s nor more than 150 
mm^/s. When the kinematic viscosity at 40°C is less 
than 10 mm^/s, the lubricity and the hermetic 
sealability of the compressor tends to be insufficient. 
When the kinematic viscosity at 40*C exceeds 200 mm^/s, 
the miscibility with carbon dioxide tends to be 
insufficient- The kinematic viscosity at lOCC of the 
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aforementioned refrigerating machine oil is preferably 
not less than 3 kuxiVs nor more than 30 im^/s and more 
preferably not less than 5 rm^/s nor more than 25 miti^/s 
When the kineinatic viscosity at lOO'^C i5 less than 3 
rran^/s, the lubricity and the hermetic sealability of 
the compressor tends to be insufficient* When the 
kinematic viscosity at 1 00*^0 exceeds 30 xm^/s, th^ 
miscibility with carbon dioxide tends to be 
insufficient* 

Further, from the viewpoint of oil return of the 
refrigerating machine oil in the refrigerant 
circulating system, the kinematic viscosity at 100°C of 
the refrigerating machine oil for the COz refrigerant 
according to the present invention is preferably 5 to 
20 mm^/s, more preferably 6 to IS mm^/3^ still more 
preferably 7 to 16 mrnVs, yet still more preferably 8 
to 15 mm^/s, and most preferably 10 to 15 mm^/s. When 
the kinematic viscosity at lOO'C is less than 5 mrnVs, 
the lubricity tends to be degraded under coexistence of 
CO2- On the other hand, when the kinematic viscosity 
at lOO'C exceeds 20 mm^/s, the composition ranges 
demonstrating the miscibility with the CO2 refrigerant 
under the low temperature condition tend to be narrowed, 
so as to readily cause the failure in lubricity of the 
refrigerant compressor and the hindrance to heat 
exchange in the evaporator. The kinematic viscosity at 
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40*C of the foregoing refrigerating machine oil is 
preferably 10 to 200 ininVs and more preferably 20 to 
150 mitiVs, When the kinematic viscosity at 40°C is less 
than 10 ifnaVs/ the lubricity and the hermetic 
sealability of the compressor tends to be degraded. 
When the kinematic viscosity at AOV exceeds 200 mm^/s, 
the composition ranges demonstrating the miscibility 
with the COz refrigerant under the low temperature 
condition tend to be narrowed/ so as to readily cau$e 
the failure in lubricity of the refrigerant compressor 
and the hindrance to heat exchange in the evaporator. 

The refrigerating machine oil for the CO^ 
refrigerant according to the present invention^- having 
the above structure, is used as a fluid composition of 
mixture with the CO2 refrigerant in the refrigerating 
machines for the CO2 refrigerant. Namely, the 
refrigerator fluid composition of the present invention 
contains the foregoing refrigerating machine oil for 
the COz refrigerant according to the present invention, 
and the COz refrigerant. There are no specific 
restrictions on a blending ratio of the refrigerating 
machine oil and the refrigerant in the refrigerator 
fluid composition of the present invention, but the 
blending ratio of the refrigerating machine oil to 100 
part$ by weight of the refrigerant is preferably 1 to 
500 parts by weight and more preferably 2 to 400 parts 
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by weight, 

The refrigerator fluid composition of the present 
invention contains the COz refrigerant as described 
above, but may further contain another refrigerant, 
e.g./ hydro fluorocarbon (HFC), hydrocarbon, ammonia, 
and so on. 

As hydro fluorocarbon refrigerants for the 
invention there may be mentioned those having 1-3 and 
preferably 1 or 2 carbon atoms. Specific examples 
include dif luoromethane (HFC-32), trlfluoroiaethane 
{HFC-23), pentafluoroethane {HFC-125), 1,1,2,2- 
tetrafluoroe thane {HFC-134) , 1, 1, 1, 2-tetraf luoroethane 
{HFC"X34a), 1, 1, 1-trifluoroethane (HFC-'143a) , l/l,- 
difluoro ethane {HFC-152a), and mixtures of two or more 
kinds of theia. The refrigerant is optionally selected 
in accordance with the intended use and the required 
performance, and as preferred examples there may be 
mentioned HFC-32 alone; HFC-23 alone/ HFC-134a alone; 
HFC-125 alone; a mixture of HFC-13 4a/HFC*32 = 60-80% by 
mass/40-20% by ma$s; a mixture of HFC-32 /HFC-125 = 40- 
70% by mass/60-30% by mass; a mixture of HFC-125/HFC- 
143a = 40-60% by mas$/60-40% by mass; a mixture of HFC- 
134a/HFC'-32/HFC-125 = 601 by mass/30% by mass/10% by 
mass; a mixture of HFC-134a/HFC-32/HFC-125 = 40-701 by 
mass/15-35% by mass/5-'40% by mass; and a mixture of 
HFC-125/HFC-134a/HFC-143a ^ 35-56% by mass/l-lS% by 
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ma$s/40-60% by iua$s. More specific examples include a 
mixture of HFC-134a/HFC-32 = 70/30% by mass; a mixture 
of HFC-32/HFC-125 = 60/40% by mass; a mixture of HFC- 
32/HFC-125 = 50/50% by mass (R410A) ; a mixture of HFC- 
32/HFC-125 = 45%/55% by mass (R410B); a mixture of HFC- 
125/HFC-143a = 50/50% by mass (R507C) ; a mixture of 
HFC-32/HFC-125/HFC-134a ^ 30/10/60% by mass; a mixture 
of HFC-32/HFC-125/HFC"134a = 23/25/52% by mass (R407) ; 
a mixture of HFC-32/HFC-125/HFC-134a = 25/15/60% by 
mass {R407E); and a mixture of HFC-125/HFC-134a/HFC- 
143a = 44/4/52% by mass (R404A) . 

The hydrocarbon refrigerants for the invention 
are preferably gas at 25V under 1 atm. Specifically, 
they include alkanes, cycloalkaneS/ and alkenes of 1 to 
5 carbons and preferably 1 to 4 carbons, and mixtures 
thereof. Specific examples of such hydrocarbon 
refrigerants include methane/ ethylene, ethane, 
propylene, propane, cyclopropane, butane, isobutane, 
cyclobutane, methylcyclopropane/ and xaixtures of two or 
more of these compounds. Propane, butane, i$obutane/ 
and mixtures of at least two kinds are preferred among 
these* 

There are no specific limitations to the mixing 
ratio of carbon dioxide and hydro fluorocarbon and/or 
hydrocarbon, but the total amount of hydrofluorocarbon 
and hydrocarbon to 100 parts by weight of carbon 
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dioxide is preferably 1 to 200 parts by weight and more 
preferably 10 to 100 parts by weight. 

The refrigerating machine oil of the present 
invention fully satisfies all the performance 
requirements of the lubricity, refrigerant miscibility, 
low-temperature fluidity, stability, etc. in a good 
balance and can be suitably applied to the 
refrigerating equipment or heat pumps having the 
reciprocating or rotary, open or hermetic compressors. 
The foregoing refrigerating equipment/ more 
specifically, includes automotive air conditioners, 
dehumidifierS/ freezers, freeze and refrigeration 
warehouses, automatic vending machines, showcases, 
cooling apparatus in chemical plants, air conditioners 
for residential use, heat pumps for hot-water supply, 
and so on. 
Examples 

The details of the present invention will be 
described more specifically with examples and 
comparative examples, but it is noted that the present 
invention is by no means intended to be limited to 
these examples. 

Examples 1 to 8 and Comparative Examples 1 to 4 

In Examples 1 to 8 and Comparative Examples 1 to 
4, respective base oils 1 to 12 described below were 
used as sample oils. In the structural formulas of the 
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base oils 1 to 10^ Et represents the ethylene group and 
Pr the propylene group. 
Base oil 1 : 

C4H9"(OEt)n'-(OPr)n''-OH 

5 [ethylene oxide-propylene oxide block copolymer having 

a butyl group at one end and a hydroxyl group at the 
other end/ 

number average molecular weight: 600, Mw/Mn: 1.1/ 
a 50 [mol%], /? < 5 [mol%], y - 50 [mol%]] 
10 Base oil 2 : 

CH3-(0Et)n'-{0Pr)a"-0H 
[ethylene oxide-propyletie oxide block copolymer having 
a methyl group at one end and a hydroxyl group at the 
other end/ 

15 number average molecular weight: 600/ Mw/Mn; 1.1/ 

a - 10 [mol%]/ /? < 5 [mol%]/ 7 « 10 [mol%]] 

Base oil 3 : 

CH3-(OEt)n-(0Pr)n«-OH 

[ethylene oxide-propylene oxide bloclc copolymer having 
20 a Eiethyl group at one end and a hydroxyl group at the 

other end/ 

number average molecular weight; 1200/ Mw/Mj^: 1,1/ 
a = 10 lmol%]f /3 < 5 [mol%], 7 = 10 tmol%] ] 
Base oil 4 : 
25 CHa- (OEt) n'- (OPr) n"-OH 

[ethylene oxide-propylene oxide block copolyitier having 
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a methyl group at one end and a hydroxyl group at the 
other end/ 

nuiobsr average molecular weight: 1200, Mw/Mn; 1,1^ 
a = 20 [molS], /? < 5 [mol%]/ 7 = 20 [molg]] 
5 Base oil 5 \ 

C4Hg"(0Et)n'-{0Pr)n-.-0H 
[ethylene oxide-prop ylene oxide block copolymer having 
a butyl group at one end and a hydroxyl group at the 
other end, 

10 number average molecular weight; 1200; Mw/Mn: 1-1, \ 

a = 50 [moi%], /? < 5 [mol%]/ 7 = 50 [mol?]] 

Base oil 6: 

CH3-(0Et)n^-(0Pr)n''-"0H 

[ethylene oxide-propylene oxide block copolymer having 
15 a methyl group at one end and a hydroxyl group at the 

other end/ 

number average molecular weight: 1300^ Mw/Mn: lA^ 
a = 40 [moll]; /? < 5 [mol%]/ 7 40 [mol%J] 
Base oil 7 : 

20 CH3"(0Et, OPr)a'-(OPr)n"-OH 

(polymer having a methyl group at one end and a 
hydroxyl group at the other end, in which a random 
copolymer chain of ethylene oxide and propylene oxide 
and a propylene oxide homopolymer chain are bonded in 

25 the order stated from the methyl group side, 

number average molecular weight: 1200, Mw/Mn i 1.1, 
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a = 10 [moll], /3 <: 5 [mol%], y = 10 [mol^]] 
Base oil 8 ; 

CH2 - (OCH2CH2V - [OCH{CH3)CH2]n''- OH 
CH — (OCH2CH2)n' - [0CH(CH3) CH2]n"- OH 
CH2-"(OCH2CH2)n'-[OCH{CH3)CH2k-OH 

[polymer m which a block copolymer chain of ethylene 
oxide and propylene oxide is bonded to each of three 
hydroxyl groups of glycerol/ 

nuinber average molecular weight: 1200, Mw/Mn: l-l, 
a = 10 [moll], /3 < 5 [mol%], r - 10 [mol%]] 
Base oil 9 : 

CH3-(0Et, OPr)n'-{OEt)n"-OH 
[copolymer having a methyl group ,at one end and a 
hydroxyl group at the other end^ in which a random 
copolymer chain of ethylene oxide and propylene oxide 
and an ethylene oxide homopolymer chain are bonded in 
the order stated from the methyl group side/ 
number average molecular weight; 1200, Nw/Mr^; 1.1/ 
a 10 [mol%]/ 0 > 9S [mol%]/ y ^ 10 [mol%] ] 
Base oil IQ : 

CH3-(0Pr)n'-(0£t)„«-0H 
[ethylene oxide-propylene oxide block copolymer having 
a methyl group at one end and a hydroxyl group at the 
other end, 

number average molecular weight: 1200/ Mw/Mn: 1.1/ 
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a = 10 [mol%]f /? > 95 [t[iol%]/ 7 = 10 [iaol%]] 
Base oil 11 : naphthene based mineral oil 
Base oil 12 : poly ( a-olefin) 

The kinematic viscosities at 40*C and at lOO'C and 
5 the total acid values of the above-stated base oils 1 

to 12 are presented in Table 1. 

Ths following tests were then conducted for each 
of the above sample oils. 
(Refrigerant Miscibility Test 1) 

10 In accordance with the "Refrigerant Miscibility | 

Testing Method" of JIS-K-2211 "Refrigerating Machine 
Oils/' 3 g of each sample oil was blended with 2 g of 
the CO2 refrigerant and a temperature range in which 
the refrigerant and the sample oil became miscible with 

15 each other, was measured. The results obtained are 

presented in Table 1. In this test the lower limit of 
the measurement temperature was -55°C and in Table 1 "< 
-55 to +30" means that the sample oil and the CO2 
refrigerant were miscible with each other in the 

20 temperature range from the lower limit of measurement 

temperature to 30"C. 
(Refrigerant Miscibility Test 2) 

The COz refrigerant and each saiciple oil were 
confined in the total amount of 5 g in a pressure glass 

25 container having the internal volume of 10 ml, and a 

state (miscible or separate) of the mixture at the 
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cooling temperature of -30°C was visually observed. 
This test was carried out in such a manner that the 
test was started from the refrigerating machine oil 
content of 1% by weight (CO2 refrigerant: 4.95 g and 
sampls oil 0.05 g) and the percentage of the sample oil 
was gradually increased while keeping the total aiuount 
of the CO2 refrigerant and the sample oil at the fixed 
value (5,00 g) , or in such a way that the test was 
started from the refrigerating machine oil content of 
90% by weight {CO2 refrigerant: 0.50 g and sample oil 
4.50 g] and the percentage of the CO2 refrigerant was 
gradually increased while keeping the total amount of 
the CQz refrigerant and sample oil at the fixed value 
(5.00 g) . Determined by the test was a composition 
range where the mixture of the CO2 refrigerant and 
sample oil became separate. The results obtained are 
presented in Table 1. In Table 1, "miscible" means 
that the mixture was not separated even with variation 
in the mixing ratio of the CO2 refrigerant and sample 
oil, and "< 1" as the lower limit of the composition 
range means that the mixture was already separated at 
the sample oil concentration of 1% by weight, 
(Refrigerant Mi$cibility Test 3) 

Using a refrigerant solubility measuring system 
shown in Fig. 3/ the solubility of the CO2 refrigerant 
into each sample oil was measured under the condition 
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where the mixture of the CO2 refrigerant and the sample 
oil became separated- 

The system shoxvn in Fig. 3 is provided with a 
pressure vessel 305 {made of stainless steel and having 
the internal volume of 200 ml) equipped with a 
viscometer 301^ a pressure gage 302, a thermocouple 303^ 
and an agitator 304; a thermostatic hath 306 for 
controlling the temperature in the pressure vessel 305; 
and a sampling cylinder 308 having a valve and 
connected through a passage 307 to the pressure vessel 
305. The sampling cylinder 308 is detachable from the 
passage 307, and the sampling cylinder 308 is 
constructed in such structure that in measurement the 
weight thereof can be measured after the interior has 
been evacuated to a vacuum or after a mixture of the 
CO2 refrigerant and sample oil has been sampled. The 
thermocouple 303 and thermostatic bath 306 are 
electrically connected each to a temperature controller 
(not shown)/ and the system is configured so as to be 
able to control the temperature of the sample oil or 
the mixture in such a way as to send a data signal 
concerning the temperature of the sample oil (or the 
mixture of the CO2 refrigerant* 'and sample oil) from the 
thermocouple 303 to the temperature controller and send 
a control signal from the temperature controller to the 
thermostatic bath 306. Further, the viscometer 301 is 
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electrically connected to an information processor (not 
shown) / and the system is configured so as to be able 
to measure the viscosity undsr a prescribed condition 
in such a way as to send measured data about the 
5 viscosity of liquid in the pressure vessel 305 from the 

viscometer 301 to the information processor. 

In this testr 30 g of each sample oil was first 
charged into the pressure vessel 305, the interior of 
the vessel was then evacuated to a vacuum/ thereafter 
10 70 g of the COg refrigerant was introduced into the 

vessel, and the mixture of the CO2 refrigerant and the 
i3 sainple oil was kept at -lO'^C for two hours while being 

agitated by the agitator 304- After that/ the 
3 agitation was terminated and the mixture was kept still 

fl^ 15 before the CQ2 refrigerant and sample oil became 

lil separated into two layers. Then the interior of the 

y, sampling cylinder 308 was evacuated to a vacuum and the 

jh: mass Wi thereof was measured. Thereafter^ the sampling 

cylinder 308 was connected to the passage 307 and the 
M 20 sample oil layer was sampled into the sampling cylinder 

300 by making use of a pressure difference between 
internal pressures of the pressure vessel 305 and the 
sampling cylinder 308. 

For the sampling cylinder 308 after the above 
25 sampling^ the mass W2 thereof {the sum of the masses of 

the sample oil with dissolved refrigerant and the 
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sampling cylinder 308) was measured. Further, the 
valve was opened and the cylinder was heated while 
being evacuated, thereby removing the CO2 refrigerant 
dissolved in the sample oil. After that, the mass W3 
5 (the sum of masses of the sample oil and the sampling 

cylinder 308) was mea$ured. 

Using measured values obtained in this way, the 
solubility of the CO2 refrigerant in each sample oil 
was calculated based on the following equation: 
10 (solubility of COa refrigerant [% by mass]) = 

[{W2 - W3)/(W3 - Wi)] X 100, 

The results obtained are presented in Table 1, 
(Stability Test under Refrigerant Atmosphere) 

An autoclave was charged with 50 g of each sample 

15 oil, 10 g of carbon dioxide^ 10 ml of air (a reduced 

value under the atmospheric pressure) , and a catalyst 
{iron wiresy aluminum wires, and copper wires of 1.6 lam 
?i X 50 mm three each) and sealed, thereafter heated to 
175°C/ and then retained for two weeks. After that, 

20 carbon dioxide was removed from the sample oil, the 

appearance of the sample oil and the appearance of the 
catalyst were observed, and the total acid value of the 
saiTiple oil was measured. The results obtained are 
presented in Table 1. 

25 (Oxidation Stability Test) 

30 g of each sample oil was charged into a 50ml 
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beaker {radius of the bottom surface: 2 cia) and kept 
still at 70"C for ten days. After that, the total acid 
value of the sample oil was measured. The results are 
presented in Table 1. 
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As apparent from the results presented in Table 1, 
it was verified that the sample oils of Examples 1 to 8 
being the refrigerating machine oils of the present 
invention demonstrated satisfactorily high miscibility 
at either high or low ratios to the CO2 refrigerant and 
that even if the CO2 refrigerant and sample oil were 
separated into two layers a sufficient amount of the 
CO2 refrigerant was dissolved in the sample oil. 
Further, the sample oils of Examples 1 to 8 were 
excellent in all the properties of lubricity, low- 
temperature fluidity, and stability in a good balance. 

In contrast to it, the sample oils of Comparative 
Examples 1 and 2 using the polyalkylene glycol compound 
except for the polyalkylene glycol of the present 
invention were inferior in either of the refrigerant 
miscibility, stability under the refrigerant atmosphere, 
and oxidation stability when used along with the CO2 
refrigerant. 

As described above, the refrigerating machine oil 
according to the present invention contains the 
specific polyalkylene glycol/ whereby it can attain the 
lubricity, refrigerant miscibility, low-temperature 
fluidity, and safety in a good balance. Accordingly, 
the refrigerating machine oil of the invention can 
fully demonstrate its performance in diverse 
application$ of carbon diojcide as a refrigerant for 
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refrigerating machines. 

From the invention thus described^ it will be 
obvious that the embodimenta of the invention may be 
varied in many ways. Such variations are not to be 
regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be 
obvious to one skilled in the art are intended for 
inclusion within the scope of the following claims. 
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